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SOME EFFECTS OF AIRPLANE OPERATIONS AND TFJE ATMOSPHEIIE 

ON SONIC-BOOM SIGNATURES 

By Domenic J. Maglieri 
NASA Langley Research Center 

SUMMARY 

The information of the paper i s  i n  the form of a status report on the 

state of knowledge of sonic-born phenomena, dealing first with the  pressure 

buildups i n  the transonic speed range and with the l a t e r a l  extent of the pat- 

t e rn  i n  steady f l i gh t  f o r  quiescent atmospheric conditions. "here are a lso 

discussions of recent data from f l igh t - tes t  studies re la t ing t o  atmospheric 

dynamic e f fec ts  on the sonic-boom signatures. The acceleration and l a t e ra l -  

spread phenomena appear t o  be f a i r l y  w e l l  understood and predictable fo r  cur- 

rent and future a i r c ra f t .  Variations i n  the sonic-boom signature as a result 

of the  e f fec ts  of the  atmosphere can be expected during routine operations. 

From the data evaluated t o  date, very similar variations i n  pressure signatures 

are noted fo r  both f igh ter  and bomber a i rc raf t .  

LNTROIXJCTION 

The scope of the material t o  be discussed i n  t h i s  paper i s  i l l u s t r a t ed  by 

the  sketches of Tigae 1. 

f l i g h t  t rack  extending from subsonic t o  supersonic speeds. 

t rack are shown sketches of the  shock-wave impingement patterns and the associ- 

ated dis t r ibut ions of N-wave pressures, both along the track and perpendicular 

t o  it. 

knowledge of sonic-boom phenomena, dealing first w i t h  the pressure buildups i n  

hm schematically i n  the figure is  an airplane 

Beneath the  f l i gh t  

The information of the paper i s  in the form of a report on the state of 
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the  transonic speed range (see refs .  1 t o  10) and w i t h  the l a t e r a l  extent of 

the pattern i n  steady f l igh t  f o r  quiescent atmospheric conditions (see refs .  ll 

t o  14 ) .  

re la t ing t o  atmospheric dynamic e f fec ts  on the sonic-boom signatures ( refs .  9, 

Also there a re  discussions of recent data from f l igh t - tes t  studies 

10; and 14  tc IS). 

SYMBOLS 

M Mach number 

4 P  sonic-boom overpressure, lb/sq f t  

4, sonic-boom overpressure a t  ground level, lb/sq f t  

(*Po, calc), calculated m a x i m u m  sonic -boom overpressure on ground track, 

lb/sq f t  

EFFECTS OF ACCELERATED FLIGHT 

Certain maneuvers of an a i r c r a f t  i n  which longitudinal, l a t e ra l ,  o r  normal 

accelerations occur can resu l t  i n  pressure buildups on the ground t h a t  a re  

commonly referred t o  as "superbooms." 

and s i z e  of these superboom areas on the ground. 

ure 2 fo r  some common f l i g h t  maneuvers. It should be pointed out t ha t  although 

the a i r c ra f t  and shock waves a re  moving, these superboom areas are fixed and do 

One important consideration is  the shape 

Such areas a re  shown i n  f i g -  

not move with the a i r c ra f t .  The longitudinal acceleration case i s  i l l u s t r a t e d  

at the top of the  figure. As indicated i n  the  sketch by the t h i n  shaded areas, 

superbooms occur over re la t ive ly  small expanses on the ground. The dimensions 

are  such that t o t a l  superboom area (area of shading only) i s  approximately one 

square mile. The pressure buildups i n  these shaded areas a re  believed t o  be a 

function of the  rate of acceleration of the a i rc raf t ,  but for  a p rac t i ca l  
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operating range are approximately two times the corresponding steady-flight 

values. 

such maneuvers as horizontal turns  and pushovers as might occur during changes 

i n  course and airplane at t i tude.  

of pressure buildups are different i n  shape as indicated i n  figure 2, and 

because of the  higher accelerations involved the buildup factors  may tend t o  be 

higher (values up t o  4.0 have been measured) and the areas smaller than fo r  the 

case of longitudinal acceleration. 

Also of possible concern i n  the operation of supersonic a i r c r a f t  a re  

In these l a t t e r  instances the ground patterns 

An extensive series of ground-pressure measurements has been made f o r  

longitudinal a i r c r a f t  accelerations from Mach 0.9 t o  about Mach 1.3 a t  a con- 

s tant  a l t i t ude  of 37,200 f e e t  with a special  array of microphones extending 

about 23 miles along the ground track. The measured data points from three 

such acceleration f l i gh t s  are shown at the bottom of figure 3 .  

zero posit ion represent the so-called superboom conditions where pressure 

buildups occur. 

p lo t t ing  the highest measured overpressure values a t  t h i s  zero position. The 

direction of the a i rc raf t  i s  f rom l e f t  t o  right,  as indicated by the sketches 

a t  the  top along with corresponding tracings of measured signatures. 

points i n  the figure represent peak overpressures as defined in the sketch. 

l o w  value points  t o  the l e f t  of the figure represent noise and are observed as 

rumbles. 

measurements that are  very close t o  the focus point, and thus represent what 

are conventionally described as superbooms. To the right of the focus point 

are two d i s t i n c t  sets of measurements which r e l a t e  t o  the region of multiple 

booms. 

dashed l i n e s  are fa i red  through the data points. 

The data a t  the 

The data for  the three separate flights were normalized by 

The data 

The 

The high value points near the center of the figure correspond t o  

For convenience i n  i l l u s t r a t i n g  the trends of the data, so l id  and 

The data points t ha t  c luster  
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about the so l id  curve r e l a t e  t o  the f i r s t  signature t o  arrive,  i n  a l l  cases, 

and th i s  eventually develops i n t o  the steady-state signature. The data points 

tha t  c luster  about the 

ture  t o  arr ive.  These 

everltuaiiy this second 

of the atmosphere. 

dashed curve re la te ,  i n  a l l  cases, t o  the second signa- 

values generally decrease as distance increases, and 

wave ceases t o  ex is t  because of the  refraction effects  

The highest overpressures are measured in  a very localized region. These 

values are as high as 2.5 times the maximum value observed i n  the multiple-boom 

region and are thus in  general agreement with the measured r e su l t s  f o r  other 

lower a l t i tude  t e s t s  of reference 9. 

are  of the same order of magnitude as those predicted f o r  comparable steady- 

s t a t e  f l i gh t  conditions. 

refs .  2, 3, and 15) give good agreement in the multiple-boom region, but a re  

not considered re l iab le  i n  the superboom region. 

The location of the superboom and multiple-boom regions are readi ly  pre- 

The main multiple-boom overpressure values 

Available overpressure prediction methods (see 

dictable (see re fs .  3 and 15) provided such information as f l i g h t  path, a l t i tude ,  

and acceleration r a t e  of the a i r c r a f t  i s  available. Based on experience, it i s  

believed t h a t  the  superboom can be placed at a position on the  ground t o  within 

about k5 miles of the desired location. 

I 

The prediction of the location of the 

superboom can be improved if more de ta i led  weather information is  available.  I 

With regard t o  the  steady-flight conditions, some recent experiments have 

also been conducted i n  an e f fo r t  t o  define m0l.e exactly the pressure dis t r ibu-  

t ion  near the extremity of the shock-wave pa t te rn  on the  ground. 

data a re  shown in  figure 4. 

Some sample 
I 

Particular emphasis m s  placed on the  region where , 
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a grazing condition ex is t s  because of atmospheric refraction, as suggested by 

the ray-path sketch a t  the top of the figure.  Flights were made at  a l t i tudes  

of 52,200 and 37,200 fee t  and Mach numbers of 2.0 and 1.5, respectively, during 

quiescent atmospheric conditions, and the resu l t s  are compared with theory i n  

the data p lo ts  at  the bottom. 

Mach number of 2.0 show tha t  the pressures are generally highest on the t rack 

as predicted by theory (ref .  l3), and decrease generally as distance increases. 

The f a c t  that measurements w e r e  obtained beyond the  theoret ical ly  predicted 

cutoff distance by the method of reference 13 led t o  more def ini t ive studies at 

37,200 f e e t  and a Mach number of 1.5. (Solid symbols indicate t ha t  no boom w a s  

observed.) These data, which were obtained from four flights involving various 

displacement distances of the airplane from the overhead position, are similar 

and, i n  fact ,  indicate measured signals as much as 15 miles beyond the predicted 

cutoff distance. 

The resu l t s  frm the f l i g h t  a t  52,200 f e e t  and a 

A b e t t e r  understanding of t h i s  phenomenon may be obtained from examination 

of sme sample waveforms based on measurements a t  various distances. 

defined shock-wave-type signatures ex i s t  generally f o r  the region predicted by 

the calculations. 

ably longer. 

t h e i r  i den t i tv  and associated observations indicate the existence of rmbles ,  

as described previously. It is  believed that  these rumbles a re  the r e su l t  OZ 

acoustic waves which e i the r  arr ive ahead of the shock waves as illustrated i n  

figure 3 of reference 19 or  are noise which emanates from the extremity of the 

shock wave as it propagates through the air i n  the v ic in i ty  of the measuring 

stat ions. 

Sharply 

Near the predicted l a t e r a l  cutoff the r i s e  t i m e s  are notice- 

A t  distances beyond the  predicted cutoff, the signatures lose 
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OTHER EFFECTS OF "!3 ATMOSPHERE 

The propagation of shock waves through the atmosphere may involve the 

dynamics of the atmosphere as well as the gross refraction e f fec ts  j u s t  

described. 

oriented array of matched microphones along the  ground track of the a i r c r a f t  

( r e f .  18). 

of a f ighter  a i r c ra f t  are sketched i n  fo r  the appropriate measurement locations. 

A wide variation i n  wave shape occurs even over a distance on the ground of a 

few hundred feet .  

i n  atmospheric and a i r c ra f t  operating conditions resul ted i n  substant ia l  varia- 

t ions i n  the peak ground overpressure, the larger  values being associated with 

the sharply peaked waves and the  lower values with the rounded-off waves. 

i s  believed t h a t  i n  this case atmospheric e f fec ts  dominate. Recent analyt ical  

studies made under contract have suggested tha t  the e f fec ts  of the  higher 

a l t i t ude  disturbances are  much l e s s  important than those of the lower a l t i tudes  

( re fs .  10, 14, 13, and 17) .  

The data of figure 5 were derived f r m  an accurately calibrated and 

The variations in  the wave shapes measured during one steady f l i g h t  

This variation i n  wave shape which i s  associated with changes 

It 

Recent f l i gh t  experiments have pointed t o  the  f a c t  t ha t  disturbances i n  

the f i rs t  few thousand fee t  of the atmosphere may be most s ignif icant  i n  

affecting the shapes of the sonic-boom signatures measured a t  the ground. 

resu l t s  are  i l l u s t r a t ed  by the  data of figure 6. 

ature plotted against a l t i tude  as determined from wiresonde and rawinsonde 

soundings taken during the times of the f l i gh t s .  

the type of temperature prof i le  exis t ing fo r  the  morning f l i g h t s  whereas the 

open symbols apply t o  the afternoon f l ight .  

conditions of the  upper atmosphere do not vary appreciably during the  morning 

The 

Shown i n  the figure i s  temper- 

The f i l l e d  symbols represent 

It may be seen tha t  the temperature 
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and afternoon. 

atmosphere, the temperature profile varies markedly. In the morning, a temper- 

ature inversion exists during which time the surface layer of the atmosphere is 

quiescent. Later in the day, as the surface temperature increases, the temper- 

ature profile may change to the extent that a superadiabatic lapse-rate condi- 

tion can exist as indicated. 

of the atmosphere is inherently unstable and severe thermal-induced turbulence 

may be generated. There is a strong correlation between the type of signature 

measured and the existing temperature profile in the lower atmosphere. 

tent N-wave types of signatures were measured when the lower atmosphere was 

quiescent, whereas large variations in the shape ofthe signatures were measured 

when the lower atmosphere was considered to be unstable. 

On the other hand, in the first few hundred feet of the lower 

For such a temperature profile, the surface layer 

Consis- 

A further indication of the manner in which the atmosphere can affect the 

sonic-boom signature is given in figure 7. Shown in the figure are sample 

measured signatures from the same measuring station for two aircraft of the 

same type at similar flight conditions along similar flight tracks about 

7,500 feet apart. The measured signatures as illustrated at the bottom of the 

figure indicate variations in shape. It should be noted that in this case the 

waves are traveling through essentially the same segment of the atmosphere but 

at slightly different times (approximately 5 seconds). 

istics of the atmosphere or operating conditions of the airplanes have appzweiitP- 

changed sufficiently in that short period of time to produce the variations 

shown. It is believed that in this case atmospheric 

effects dominate. 

The physical character- 

(See refs. 9 and 16.) 

Measurements similar in nature to those of figures 5, 6, and 7 have been 

made at specific measuring points for a large number of supersonic flights, and 
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the resu l t s  a re  i n  good qual i ta t ive agreement. 

data a r e  shown in  figure 8. 

shown at the l e f t  (see re f .  18). 

peaked waves a t  the top t o  rounded-off waves of sinusoidal appearance a t  the 

bottcm. S.xh r e s -d t s  are  very s i m i l a r  t o  those shown i n  figures 5, 6, and 7 

fo r  conditions of highly turbulent a i r  i n  the lower atmosphere. The signatures 

on the right-hand side of the figure have been recently obtained fo r  bomber 

a i r c r a f t  and have a noticeably longer wavelength o r  time duration. 

dis tor t ions of the waves i n  each case a re  associated w i t h  the rapid compression 

phases, and these dis tor t ions a re  of the same general nature fo r  both short and 

long wavelengths. 

for  several different  a i r c r a f t  flyovers. 

Some samples of these l a t t e r  

Sonic-boom signatures f o r  a f igh ter  a i r c ra f t  are  

These signatures vary widely from sharply 

The main 

The data of figure 8 r e l a t e  t o  specific measuring s ta t ions 

Because of the large number of data points available fo r  a range of f l ight 

conditions, it was possible t o  make s t a t i s t i c a l  analyses of the variations of 

overpressure. Samples of the overpressure variation data are  given i n  figure 9 

as relat ive cumulative frequency dis t r ibut ions and histograms showing proba- 

b i l i t y  of occurrence. 

sure distributions fo r  a f igh ter  a i r c ra f t ,  and in  the right-hand p lo t  are  s i m i -  

lar data f o r  a bomber a i r c ra f t .  

given r a t i o  of the measured overpressure value t o  the  maximum predicted value 

for  the respective steady f l i g h t  conditions (which occurs on the ground t rack)  

i s  shown. All the data have been plot ted on log normal scales, and straight 

l ines  have been fa i red  through the data points as an aid i n  interpretat ion.  

For t h i s  type of presentation, a l l  the data  points would fall  on a straight 

l i ne  if the logarithms of the data f i t t e d  a normal dis t r ibut ion.  For the 

f ighter  aircraft, data were obtained on the  ground t rack and a t  distances up 
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. 
t o  10 m i l e s  from it; a wider variation i n  the overpressures occurred f o r  the 

more remote stations.  In  the case of the bomber a i r c ra f t ,  fewer data points 

were available fo r  analysis and, hence, the s t a t i s t i c a l  sample i s  not as r e l i -  

able. 

bomber data, which have markedly longer wavelengths, i s  noted t o  be only 

s l i gh t ly  l e s s  than tha t  for  the f igh ter  a i r c ra f t .  Another point t o  note i s  

tha t  some of the pressure buildups due to  atmospheric e f fec ts  are of the same 

order of magnitude as those associated with the superboom phenomena. 

Based on the data available, the variation i n  overpressures f o r  the 

CONCLUDING REMARKS 

In conclusion, 6ome recent results obtained with the a id  of fighter and 

bomber a i r c r a f t  have been presented i n  an attempt t o  show the  significance of 

the atmosphere and a i r c r a f t  operation on sonic-boom exposures. The accelera- 

t ion  and later&-spread phenomena appear t o  be f a i r l y  w e l l  understood and pre- 

dictable f o r  current and future a i r c ra f t .  Variations i n  the sonic-boom signa- 

ture as a result of the effects  o f t h e  atmosphere can be expected during routine 

operations. From the  data evaluated to  date, very s i m i l a r  variations i n  pres- 

sure signatures are noted f o r  both fighter and bomber a i r c ra f t .  
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